This study aimed to evaluate the levels of enteric bacteria in ice cubes produced in different environments (home-made, prepared in bars and pubs with ice machines and produced in industrial plants) and to determine their survival in different alcoholic beverages and soft drinks. Members of the Enterobacteriaceae family were found in almost all samples analysed. All industrial and the majority of home-made samples did not contain coliforms. Enterococci were not identified in domestic samples while they were detected in two industrial and three bar/pub samples. The samples collected from bars and pubs were characterized by the highest levels of enteric bacteria. Fourteen strains representing 11 species of eight bacterial genera were identified, some of which are known agents of human infections. The most numerous groups included Enterococcus and Stenotrophomonas. The survival of Enterococcus faecium ICE41, Pantoea conspicua ICE80 and Stenotrophomonas maltophilia ICE272, that were detected at the highest levels (100e400 CFU/100 mL thawed ice) in the ice cubes, was tested in six drinks and beverages characterized by different levels of alcohol, CO 2 , pH and the presence of antibacterial ingredients. The results showed a species-specific behaviour and, in general, a reduction of the microbiological risks associated with ice after its transfer to alcoholic or carbonated beverages.
Introduction
The production of ice, especially ice cubes, is increasing notably due to a continuous and high demand for ice cubes in bars, pubs and restaurants. High volumes of this product are produced by ice cube maker machines (self-production) or by specialized industries. The self-production of ice cubes is strictly intended for direct consumption, while industrial productions are packed in bags and commercialized.
"Ice which comes into contact with foods or which may contaminate foods has to be made from potable water or, when used to chill whole fishery products, clean water. It has to be made, handled and stored under conditions that protect it from contamination" (Commission Regulation, 2004) . Hence, food grade ice, or simply "food ice", is a product that after melting becomes potable water and must have the same chemical and microbiological characteristics of the water before freezing (Falcao et al., 2002) . Thus, in order to produce food ice, the industrial process must follow specific and stringent guidelines (INGA, 2015) .
The resistance of microorganisms to low temperatures is strictly dependent on their cytoplasmic membrane. Temperature reductions cause alterations in the organization of membrane lipids (Los and Murata, 2004) and alter the functionality of membraneassociated enzymes and transporters (Avery et al., 1995) . To maintain the appropriate fluidity of membrane lipids the unsaturation of lipid acyl chains occurs in several microorganisms at low temperatures (Sakamoto et al., 1998; S anchez-García et al., 2004) . Bacteria synthesize long chain fatty acids (Russell, 1984) and higher proportions of unsaturated or branched fatty acids facilitate phase transition at a lower temperature (Freedman, 1981) . For this reason, the water used to produce food ice must not contain pathogenic microorganisms that survive during the freezing process (Dickens et al., 1985) . Generally, the microbiological risk factors of ice are represented by members of the Enterobacteriaceae family, mainly belonging to the genera Salmonella, Shigella, Yersinia and Escherichia (Falcao et al., 2002) .
The microbiological investigation of ice used for foods and drinks in several countries revealed that it could be the cause for human health concerns due to the occurrence of gastroenteritis (Falcao et al., 2004; Gerokomou et al., 2011; Graman et al., 1997; Lateef et al., 2006; Nichols et al., 2000; Noor Izani et al., 2012; Wilson et al., 1997) . The presence of pathogenic microorganisms in ice cubes is attributable to the contamination of the water used (Lateef et al., 2006; Northcutt and Smith, 2010) , poor sanitary conditions during production, improper handling (Noor Izani et al., 2012) and/or the final packaging containers or bags (Chavasit et al., 2011) .
Due to the hygiene issues related to ice production, the demand for industrially manufactured ice cubes applying high process standards is growing and, consequently, the number of food ice industries is increasing proportionally (Stucchi, oral communication). According to the International and European Packaged Ice Association (I.P.I.A and E.P.I.A, respectively) current production volumes in Europe is estimated at 500,000 tonnes per year. Considering the increasing trend for production in this sector, there is an urgent need to evaluate the hygienic quality of the products available on the market.
Based on these considerations, the present study aimed to (1) evaluate the presence and levels of enteric bacteria of different samples of ice cubes produced at different levels; (2) perform phenotypic and genotypic characterization of the isolates and; (3) monitor the survival of representative strains in different drink systems.
Materials and methods

Collection of ice cubes
The ice cubes analysed in this study were collected from three different production levels i.e. domestic freezers (DF), ice machines (IM) in bars and pubs and industrial ice production facilities (IN). The water supply for all ice productions was the municipal source which is subjected to the Italian guidelines "D. Lgs. n 31, 02/02/ 2001" for the implementation of directive 98/83/EC on the quality of water for human consumption. The samples ranged from 1 kg (DF) to 5 kg (IM and IN) while the individual ice cube weight ranged from 10 to 20 g, depending on the shape. DF ice was produced from tap water, while IM and IN productions were obtained from water stored in tanks. DF and IM samples were collected from stock boxes and transferred into sterile stomacher bags. IN samples were provided in the manufacturers' plastic bags. Samples were transported into thermal insulated boxes. Five samples of each production level (DF1-DF5, IM1-IM5, IN1-IN5) were collected in duplicate (the same day) with a 2-month interval (April and June 2016), forming a total of 60 samples. All ice producers were located within the Palermo province (Sicily, Italy).
Determination of the level of contamination of ice samples by enteric bacteria
Each ice sample was thawed in a 1 L sterile Dhuram bottle at room temperature and subjected to membrane filtration analyses (250 mL). The following enteric bacterial groups were investigated: members of the Enterobacteriaceae family on violet red bile glucose agar (VRBGA), incubated at 37 C for 24 h; coliforms on violet red bile agar (VRBA), incubated at 37 C for 24 h; enterococci on kanamycin aesculin azide (KAA) agar, incubated at 37 C for 24 h. All media and supplements were purchased from Oxoid (Milan, Italy) . When the colonies were uncountable (n > 186, corresponding to the number of squares on the membrane grid) and showed a confluent growth, aliquots of 1 mL from samples were directly inoculated into agar media.
Isolation and grouping of bacteria
After growth, five identical colonies (or fewer if five were not available or showed confluent growth) of each observed morphology (color, margin, surface and elevation) were selected for further analysis. All isolates were purified after several consecutive subcultures on the same media and under the same growth conditions as those used for plate counts. The purity of the cultures was verified by an optical microscope.
In order to perform a phenotypic grouping of bacteria, all isolates were preliminarily characterized using the KOH test (Gregersen, 1978) to determine the type of cell wall and the catalase test by addition of H 2 O 2 (5%, w/v) to the colonies. Furthermore, the cell morphology and motility were evaluated by microscopic inspection.
Genetic characterization and identification
Genomic DNA for PCR assays was prepared from bacterial cultures after their overnight growth in broth media at 37 C. The isolates from VRBGA and VRBA were developed in Brain Heart Infusion (Oxoid), while enterococci in M17 (Oxoid). Cells were harvested by centrifugation at 5000 Â g for 5 min and subjected to DNA extraction using the InstaGene Matrix kit (Bio-Rad, Hercules, CA, USA) according to the manufacturer's protocol. The concentration of each DNA sample was adjusted to 25 ng/mL.
The differentiation of the bacterial cultures at strain level was performed by random amplification of polymorphic DNA (RAPD)-PCR using single primers M13 (Stenlid et al., 1994) , AB111, and AB106 (van den Braak et al., 2000) in a 25-mL reaction mix. Each reaction mixture contained 0.2 mM of dNTP mix (Life Technologies Italia, Monza, Italy), 0.625 U of Taq DNA polymerase (Fermentas, MMedical, Milan, Italy), 2.5 mL of PCR buffer (Fermentas), 2.5 mM of MgCl 2 , 2 mM of each primer, 2.5 ng of DNA, and Milli-Q ® water (Millipore, Billerica, MA, USA) to reach the final reaction volume. The PCR program applied for all primers comprised 40 cycles of denaturation for 2 min at 94 C, annealing for 20 s at 40 C, and extension for 2 min at 72 C; the cycles were preceded by denaturation at 94 C for 2 min and followed by extension at 72 C for 5 min. The amplifications were performed using a T1 Thermocycler (Biometra, G€ ottingen, Germany) and the amplicons were separated by electrophoresis on a 2% (w/v) agarose gel (Gibco BRL, Cergy Pontoise, France), stained with SYBR ® Safe DNA gel stain (Molecular Probes, Eugene, OR, USA), and subsequently visualized by UV transillumination. The GeneRuler 100 bp Plus DNA Ladder (MMedical S. r.l, Milan, Italy) was used as a molecular weight marker. RAPD patterns were analysed using Gelcompar II software, version 6.5 (Applied-Maths, Sint-Martens-Latem, Belgium). A dendrogram showing the relationships among ice enteric bacteria was constructed with the combination of the RAPD profiles obtained with the three primers. The combined patterns were analysed using the Pearson's product moment correlation coefficient and the unweighted pair-group method using arithmetic average (UPGMA). The reproducibility of the RAPD-PCR fingerprints was assessed by comparing the PCR products obtained with the primers M13, AB106 and AB111 using DNA extracted from three separate cultures of two strains (ICE41 and ICE80). The identification of the strains at species level was obtained by 16S rRNA gene sequencing. PCR reactions were performed as described by Weisburg et al. (1991) using the primer pair fD1/rD1 in a 30-mL reaction volume. PCR mixture contained 0.25 mM of dNTP mix (Life Technologies Italia), 1.5 U of Taq DNA polymerase (Fermentas), 3 mL of PCR buffer (Fermentas), 3 mM of MgCl 2 , 0.2 mM of both primers, 25 ng of DNA, and was brought to the final volume with Milli-Q ® water (Millipore). PCR program comprised an initial template denaturation step for 3 min at 95 C followed by 30 cycles of denaturation for 1 min at 94 C, annealing for 45 s at 54 C and extension for 2 min at 72 C. The final elongation step was for 7 min at 72 C. DNA fragments were visualized and amplicons of about 1600 bp were purified by the QIA-quick purification kit (Qiagen S. p.a., Milan, Italy) and sequenced using the same primers employed for PCR amplification. DNA sequencing reactions were performed by AGRIVET (Palermo, Italy). The sequences, accessible by their accession numbers (Ac. No.) reported at paragraph 3.2., were saved in FASTA format and compared with those available in the EzTaxon-e (http://eztaxon-e.ezbiocloud.net/) database that compares a given sequence to those of type strains only.
Production of contaminated ice cubes and drink assays
Each microorganism to be tested for survival in a variety of drinks was inoculated singly in sterile (by autoclaving at 121 C for 20 min) still mineral water (Terme di Geraci Siculo S. p.a., Geraci Siculo, Italy) to produce contaminated ice cubes using autoclaved stainless steel ice cube trays. The selected inocula were based on the highest concentrations found in the ice cubes analysed. The inoculation levels were determined by dilution of pure culture cell suspensions.
The concentrations of the microorganisms were followed in six different types of beverages and drinks: vodka (Keglevich, Plzen, Czech Republic), as an alcoholic (38% vol) neutral (pH 6.0) beverage; whisky (Jack Daniel's, Lynchburg, Tennessee), as an alcoholic (40% vol) acidic (pH 4.2) beverage; Martini (Martini and Rossi, SpA, Pessione, Italy) as a moderate alcoholic (14.4%, pH 3.8) beverage; peach tea (Conad, Fruttagel SCpA, Alfonsine, Italy) as a sugary (9.7% w/v, pH 3.3) drink; tonic water (Kinley, Sesto S. Giovanni, Italy) and coke (Coca Cola Italia Srl, Sesto S. Giovanni, Italy) as sugary (9.4 and 10.6 w/v, respectively) and carbonated drinks. Tonic water and coke were the most acidic systems with pH values of 2.8 and 2.7, respectively. In order to simulate the contamination of drinks by ice during consumption, three artificially inoculated ice cubes (corresponding to 60 mL) were added to 100 mL of each drink (simulating a bar administration) in 200 mL volume sterile cups (Anicrin, Scorz e, Italy). The drink systems were left 1 h at room temperature and then analysed by membrane filtration. Ringer's solution (Oxoid) was used as control. Three independent experimentations were carried out on three different days.
Statistical analyses
Microbiological data were subjected to one-way variance analysis (ANOVA). Pair comparison of treatment means was achieved by Tukey's procedure at P < 0.05. Differences between the production levels (DF, IM and IN) were evaluated using the generalised linear model (GLM) procedure. Data were statistically analysed using SAS 9.2 software (Statistical Analysis System Institute Inc., Cary, NC, USA).
Results
Levels of enteric bacteria in the ice cubes
The results of the plate counts of enteric bacteria, expressed as colony forming units (CFU)/100 mL of thawed ice (t.i.), detected in the ice samples are reported in Table 1 . The differences among the ice cubes within each production level were statistically significant for almost all groups of enteric bacteria, except enterococci in the domestically produced samples and coliforms in the industrially produced samples, which did not generate any colony development. The highest levels of microbial contamination were detected on VRBGA with the exception of sample IN4, for which all enteric bacteria investigated were absent. Members of Enterobacteriaceae family were found in all samples in the range of 1.3e390.3 CFU/ 100 mL t. i. Coliforms were not detected in all IN and four DF samples, but this bacterial group, ranging from 1.0 to 181.3 CFU/ 100 mL t. i., was hosted in all IM samples. Enterococci were never found in DF samples, whereas they were detected in two IN and three IM samples. In particular, sample IN2 showed the highest levels of enterococci (148.0 CFU/100 mL t. i.). Regarding the three production systems (DF, IM and IN) , the statistical analysis resulting from their interaction indicated that the microbial levels were significantly different for coliforms and enterococci.
Grouping, strain differentiation and identification
After enumeration, colonies showing different morphologies were collected, purified and subjected to microscopic inspection and preliminary biochemical characterization. Among the 245 bacteria isolated, this approach allowed four groups to be identified: Group I included 54 Gram positive and catalase negative nonmotile cocci; Group II included 54 Gram negative non-motile coccoid rods; Group III included 126 Gram negative motile straight rods; Group IV included 11 Gram negative non-motile straight rods. All Gram negative bacteria exhibited catalase positive phenotypes. The most numerous group was Group III accounting for more than 51% of the total number of isolates.
All bacterial cultures were subjected to RAPD-PCR analysis in order to perform strain typing. As shown by the dendrogram (Fig. 1) , the combination of the three RAPD patterns of each isolate indicated that the cultivable enteric bacterial community associated with the ice cubes analysed in this study was composed of three Gram positive and 11 Gram negative strains.
The above-mentioned 14 strains were identified by 16S rRNA gene sequencing and were allotted into eight genera. All Gram positive isolated from KAA were confirmed to belong to the Enterococcus genus. The 11 species identified were as follows: The dendrogram clearly showed that the majority of strains grouped according to their genus and species. Enterococci represented the only Gram positive bacteria and formed the most distant cluster.
Survival of enteric bacteria in different drink systems
The levels of artificial contamination of ice cubes were in the range 100e400 CFU/100 mL t. i., as these were the highest levels detected for the dominant strains (E. faecium ICE41, P. conspicua ICE80 and S. maltophilia ICE272) in the ice samples. Fig. 2 shows the results of survival tests. After thawing and suspending in peach tea for 1 h, the levels of E. faecium ICE41 were statistically comparable to those registered in Ringer's solution, while all other trials showed a defining influence of the beverages and drinks on this bacterium. In particular, although viable cells were recovered from vodka, E. faecium ICE41 completely disappeared from the other systems. The levels of P. conspicua ICE80 in peach tea were almost superimposable to those found in the control trial. However, the levels of this bacterium were not statistically influenced upon application to vodka, tonic water or coke, while they decreased consistently in Martini and whisky, disappearing from the latter beverage. A different behaviour was observed for S. maltophilia ICE272 that was not influenced in vodka to a statistically significant extent, but decreased consistently in all other systems evaluated, included peach tea. For this bacterium, a complete disappearance was registered from whisky, Martini and tonic water.
Discussion
Food ice is the product obtained through the freezing of potable water. Thus, as for water, the presence of intestinal bacteria is an indicator of the hygienic status of ice (Lateef et al., 2006; Ukwo et al., 2011) . Ice has been directly identified as being responsible for several gastroenteritis epidemics as a consequence of direct (used for cooling drinks) or indirect (used for cooling fishes soon after catching) consumption (Falcao et al., 2002; Pawsey and Howard, 2001 ). Due to the risks associated with the presence of pathogenic microorganisms in ice, several investigations have been carried out in the last years, especially in developing countries, to assess the hygienic quality of the ice used to cool drinks and foods (Lateef et al., 2006; Mahale et al., 2008; Obiri-Danso et al., 2003; Ukwo et al., 2011) . Furthermore, in areas with hot or temperate climates there is an increased risk to consumers (Chavasit et al., 2011) . However, the analysis of food ice produced in countries with high food production standards revealed the presence of microorganisms that compromise the drinkability of water enterococci on KAA (kanamycin aesculin azide agar).
Fig. 1.
Dendrogram obtained with combined RAPD-PCR patterns generated with three primers (M17, AB111, and AB106) for the enteric bacterial strains isolated from ice cubes. The line at the top indicates percentages of similarity. Abbreviations: C., Cupriavidus; E., Enterococcus; K., Klebsiella; P., Pantoea; Pc., Paracoccus; Pr., Prolinoborus; R., Rhizobium; St., Stenotrophomonas. Fig. 2 . Monitoring of dominating enteric bacteria of food ice in different alcoholic beverages and soft drinks. (Gerokomou et al., 2011; Nichols et al., 2000) . Based on the above considerations, the primary goal of this work was to investigate the presence of enteric bacteria in ice cubes produced at three different levels, including small volume (homemade), medium volume (restaurant level) and high volume (industrial level) production in a restricted geographical area, in order to border the source of water supply. Members of the Enterobacteriaceae family were detected in almost all samples, while coliforms and enterococci were also identified in six and five samples, respectively. A limited presence of coliforms and enterococci was also reported by Nichols et al. (2000) for the ice used to cool drinks in U.K. Our data are also highly comparable to those from another European investigation carried out by Gerokomou et al. (2011) in which coliforms were detected in 31% of the ice samples analysed in Epirus (Greece).
Since intestinal bacteria are required to be absent for consideration as potable water, all ice cubes collected from bars and pubs in this study are considered to be of low hygienic quality. These findings may be attributable to the storage conditions of the IM samples as they are different from those of IN and DF samples. Indeed, the contamination of ice may derive from the low quality of the water, the poor hygiene of the transformation environment and process personnel (Lateef et al., 2006) as well as from the bags used for packaging and/or storage (Chavasit et al., 2011) . Given the narrow area of water supply, a contamination of the water used for the production of the ice samples collected in bars and pubs may be excluded, whereas a post-production contamination seems to be the most probable cause of the low hygienic quality of IM ice cubes. The robustness of these data was provided by the two samplings performed in duplicate at 2-month interval that confirmed the presence of the same microbial groups over time.
The domestically produced ice samples were included in this survey to provide a baseline for the microbial contamination of ice since home production typically involves very low volumes and high hygiene standards. Furthermore, this investigation aimed to evaluate the microorganisms that are commonly ingested via consumption of ice in controlled conditions i.e. "from freezer to glass" without additional manipulations, as per pubs or bars, and packaging/transport, as per industrial samples.
The three microbial groups were investigated at strain and species level. Fourteen strains belonging to 11 species of eight genera were identified. The major groups of strains were Enterococcus and Stenotrophomonas. The analyses of microorganisms associated with ice samples collected in Europe in previous studies followed a different approach, applying biochemical tests for the identification of major pathogenic agents such as Escherichia coli, Salmonella spp., Yersinia spp., Pseudomonas aeruginosa, Clostridium perfringens, Shigella spp., Vibrio cholerae and Aeromonas spp. (Gerokomou et al., 2011; Nichols et al., 2000) . Thus, a direct comparison of the species identified in the present study cannot be performed.
Enterococci clearly indicate a fecal contamination (Suzzi et al., 2000) . The evolution of the epidemiology of Enterococcus infections in humans is carefully monitored (EFSA, 2013) . Some Pantoea species cause infections in humans (Del etoile et al., 2009 ). The pathogenicity of K. michiganensis, isolated from a toothbrush holder (Saha et al., 2013) , has not been reported yet, although its presence may be considered undesirable in ice due to its ability to form biofilms (Saha et al., 2014) and since the Klebsiella genus includes clinically relevant species (Wollheim et al., 2011) .
Although most of the bacterial species identified do not belong to the Enterobacteriaceae family, they are potentially pathogenic. Paracoccus yeei (Rhodobacteraceae family) has been reported as an etiologic agent of heart failure (Funke et al., 2004) while Stenotrophomonas maltophilia is an important nosocomial pathogen, especially in debilitated and immunocompromised persons (Denton and Kerr, 1998) . Rhizobium massiliae has been isolated from the nasal swab of a patient with endocarditis (Greub et al., 2004) and Cupriavidus gilardii has recently been reported to be the cause of a muscular abscess in a renal transplant recipient (Tena et al., 2014) and of a fatal infection of a child with aplastic anemia (Karafin et al., 2010) .
Other bacterial species identified from ice are of environmental origin. Stenotrophomonas rhizophila is a plant-associated bacterium (Wolf et al., 2002) , while Prolinoborus fasciculus is an aquatic bacterium (Pot et al., 1992) .
The most common mode of direct ice consumption is through its addition to drinks and beverages. In order to determine the actual potential risk associated with ice contaminated with enteric bacteria, the species found at the highest levels per each medium used for plate counts were inoculated in water to produce artificially contaminated ice cubes to be added to different drink/beverage systems. Thus, E. faecium ICE41, P. conspicua ICE80 and S. maltophilia ICE272 were inoculated at 100e400 CFU/100 mL t. i. The resulting ice cubes were added to liquid systems which were analysed after the ice had completely thawed. The results showed a different behaviour for the three assessed bacteria. In general, peach tea and vodka facilitated a higher survival than other drinks and beverages. In comparison to whisky, the higher survival registered in vodka could be partly attributable to the neutral pH of the latter beverage. Among the sugary soft drinks, the higher survival of E. faecium ICE41 and P. conspicua ICE80 in peach tea rather than coke and tonic water could be due to the absence of CO 2 . Furthermore, tonic water is characterized by the presence of quinine that exerts bactericidal properties (Kharal et al., 2009 ). This could explain a residual presence of S. maltophilia ICE272 in coke and its disappearance from tonic water. However, the levels of P. conspicua ICE80 were not statistically lower than those of the control trial, confirming the species-specific behaviour of bacteria in the different systems evaluated. In fact, P. conspicua ICE80 showed a residual growth after 1 h in Martini, while the other two strains could not be detected in this moderate alcoholic drink.
Conclusions
This study confirmed previous observations (Wilson et al., 1997 ) that ice cubes produced at different levels are vectors of living enteric bacteria. Several species identified are known agents of human infections. The levels of contamination of the ice samples are significantly different among the three production systems (home-made, restaurant and industrial) with the samples collected from bars and pubs characterized as harbouring the highest levels of the three groups considered presenting potentially major risks for humans. However, considering the common mode of consumption of ice cubes, the risk is lowered by their application in drink/beverage systems containing different levels of alcohol, CO 2 , pH and antibacterial ingredients.
